Abstract: AZ31B Magnesium alloy bars were prepared by solid-state recycling with different extruding ratio of 4:1, 11:1, 25:1, 44:1. Shear tests were conducted through designing and preparing shear specimens and fixture. The bonding between chips in recycled magnesium alloy by solid-state process was successfully characterized through measuring the shear strength along the extruding direction. The effect of extrusion ratio on the shear property of AZ31B magnesium alloys fabricated from chip was studied. In the investigated extrusion ratio range of 4:1 to 44:1, the shear strength along the extruding direction increases with the increasing extruding ratio. This is because recrystallization grain became small and mean, the bonding between chips converts from mechanical bonding to metallurgical bonding and the bonding between chips was enhanced when extruding ratio increase.
Introduction
Having many advantages such as excellent mechanical properties, low density, high dimensional stability and good machinability [1, 2] , magnesium alloys show great potential applications in aerospaces, automobiles [3, 4] . However, massive waste chips would be produced in the process of machining since magnesium alloy showed good machinability. With the increasing application for magnesium alloys, recycling of waste chips attracts more and more attention [5] .
For recycling magnesium alloy chips, an advanced recycling method in solid-state has been researched in Japan [6, 7] . Compared with the re-melting process, solid-state recycling shows its advantages because it can reduce the oxidation loss and energy consumption in the re-melting process without special environmental protection. The recycled AZ80 [8] , AZ91 [9] and Mg-Al-Ca alloy [10] processed by solid-state method showed high strength, ductility and superplasticity. Zhao et al. [11] reported the recycling of Mg-Zn-Y-Zr alloy chip and studied the influence of the recycling process on microstructure and tensile properties of the recycled alloys. The previous researchers demonstrated the feasibility of the solid-state recycling.
During the extruding, Magnesium chips consolidate each other under the act of high temperature and compression stress. The bond between chips is the significant factor affecting the mechanical properties of recycled alloy. Microstructure and tensile properties of recycled magnesium alloy prepared by different recycling process have been studied, However, the bond between magnesium alloy chips in recycled alloy was not investigated.
The aim of this work is to characterize the bond between magnesium alloy chips through measuring the shear strength along the extrusion direction and analyze the effect of extruding ratio on it.
Experimental procedures
The employed material in this work was a deformable AZ31B magnesium alloy(Mg-2.9 wt%Al-1.0 wt%Zn-0.35 wt%Mn). Chips were prepared by machining an as-received ingot in a lathe. The size of chip was 8-10 mm in length, 2 mm in width and 0.4 mm in thickness, as shown in Figure 1 .
Figure 1 AZ31B Magnesium alloy chips
The chips were filled into the cylindrical mold with a diameter of 40 mm and were cold-pressed into billet using the method of unilateral pressing, the pressure and the holding time was 350 MPa and 1 minute, respectively. The mold with the formed billet was heated to 673K and holded for 20 minutes. Then hot extrusions were preformed in air at an extrusion rate of 0.2 mm s-1. Four extrusion ratios of 4:1, 11:1, 25:1 and 44:1 were used respectively.
Shear test was designed through machining shear specimens by linear cutting and preparing a fixture by welding. Shear force is parallel to the extruding direction. Shear specimens were shown in Figure 2 . Shear tests were carried out with an initial strain rate of 3×10 -3 s-1 on WDW-10 electron universal testing machine. Shear strength of recycled alloys were measured for extrusion ratios of 4:1, 11:1, 25:1, 44:1. Table 1 illustrates the shear strength of recycled specimens with different extruding ratios. It can be seen that the shear strength is low with the extruding ratio of 4:1. The shear strength of recycled specimen increases gradually when the extruding ratio increases from 4:1 to 44:1.
The reason is that with the increasing of extruding ratio, the degree of dynamic recrystallization increased, so the size of grain became small and mean, as reported in previous research [12] . On the other hand, when the extruding ratio increases, the stress of magnesium alloy chips increased, the combination between chips was reinforced during the extruding. With the lower extruding ratio, the bonding between chips depended mainly on mechanical bonding. When the extruding ratio increases, metallurgical bonding was formed. The two reasons result in the improved mechanical property of the recycled magnesium alloy with the increase of extruding ratio.
Being similar with fiber reinforced metal matrix composite, magnesium alloy chips in compressed billet arrange grossly along the extruding direction after the hot extrusion. Interfaces between chips in recycled magnesium alloy are mostly parallel to the extruding direction. Therefore, the shear strength along the extruding direction can be used to characterize the bonding between chips in recycled alloy. Figure 3 shows the fracture morphology under the shear force of recycled specimens with different extruding ratios. There are obvious deformation marks and microcracks along the shear force direction on the fracture surface. In the process of shearing test, stress concentration will be produced around the oxide, and induce the microcracks formation and propagation, which will result in the shear fracture. between chips can be seen, indicating that the bond of chips was weak, which is consistent with the lower shear strength. There are some small dimples on the fracture surfaces for specimens with large extruding ratio shown in Figure 3 (b) and (c), and exhibit a ductile fracture.
Fracture Morphology

Conclusion
AZ31B Magnesium alloy bars were prepared by solid-state recycling with different extruding ratio of 4:1, 11:1, 25:1, 44:1. Shear tests were successfully designed and conducted.
Shear strength of recycled AZ31B magnesium alloy along the extruding direction increases from 94.28MPa to 139.28MPa when the extruding ratio increases from 4:1 to 44:1, which indicates that the bond between chips was enhanced with the increasing of extruding ratio.
Shear fracture morphology of recycled magnesium specimens show small dimple and ductile deformation mark along shear force. With the low extruding ratio of 4:1, fracture surface exhibits flat and brittle fracture increase.
